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ABSTRACT 
Rehabilitation of episodic memory declines typically 
focuses on alleviating the demand for recall and im- 
proving the retrieval process. Modulating the encod- 
ing is not commonly practiced, but may nevertheless 
be important. Seventeen event-related potential (ERP) 
studies interpreted using the subsequent memory ef- 
fect, an index of successful encoding, are reviewed and 
the factors involved in encoding are discussed. The 
nature of the materials used for testing, modes of en- 
coding, and the nature of the retrieval task are high- 
lighted as important factors. Meaningful materials 
and processing information semantically enhance 
encoding to episodic memory. The studies reviewed 
reveal that older persons process information more 
uniformly without elaboration compared with their 
younger counterparts. Although people with mild cog- 
nitive impairment have encoding and retrieval deficits, 
an elaborative type of encoding training that draws 
on successful encoding factors may help to improve 
memory performance. 
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1. INTRODUCTION 
The advance of technology has allowed individuals to 
live longer, creating an aging population [1]. Psycho- 
logical changes such as a decline in memory accompany 
the physiological aging process. Indeed, it has been es- 
timated that 40% of people aged 60 years or older in the 
United States experience memory decline [2,3]. 
From an information-processing point of view, mem- 
ory formation and retrieval involves three stages: encod- 
ing, storage, and retrieval [4]. In cases of memory decline, 
common intervention strategies suggested in rehabilita- 
tion include lowering the demand for memory recall 
(which minimizes the retrieval stage). Such strategies 
mostly focus on helping people to compensate for their 
memory difficulties, and include the use of memory aids 
such as reminder notes, a daily planner, creating a rou- 
tine of daily activities, and making changes to the envi- 
ronment [5,6]. However, if information encoding has 
been deficient in the first place—which can be a problem 
in people with mild cognitive impairments (MCI) [7] 
—remediating at the retrieval stage may not help to solve 
the basic problem. Instead, working to improve encoding 
should further improve memory performance. However, 
modulating the processes an individual requires to absorb 
information and to improve encoding is not commonly 
practiced. This could be because of ambiguity in the fac-
tors involved in the encoding process, which could lead 
to uncertainty about what exactly enables successful en-
coding. A better understanding of what correlates with 
successful encoding, encoding deficiencies, and potential 
strategies to improve encoding should therefore be bene-
ficial clinically. 
Cognitive neuroscientists have used a number of tech- 
niques to study memory encoding, including event-re- 
lated potentials (ERPs) and functional magnetic reso- 
nance imaging (fMRI). ERP techniques, with temporal 
resolution on a millisecond (ms) scale, allow for the pre- 
cise measurement of electrical activities (in microvolts) 
that are a direct result of cognitive processes. This re- 
view will discuss ERP studies of memory encoding 
which have explored the initial cognitive processes and 
particularly those which employed the subsequent me- 
mory research paradigm. This paradigm involves partici- 
pants completing study trials in which they encode in- 
formation; afterwards completing test trials in which they 
attempt to retrieve the information encoded. Correct re- 
call during the test trials reflects successful encoding. ERPs 
are recorded, in particular during the study trials. Those 
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ERPs can subsequently be categorized according to 
whether or not the participant could identify the study 
items correctly at the subsequent recognition phase (i.e., 
during the test trials). The ERPs of study items identified 
correctly in the test trials usually display more positive 
potentials than the ERPs of study trials incorrectly iden- 
tified. Using this technique, brain activity during suc- 
cessful (i.e. correct trials) and unsuccessful (incorrect 
trials) encoding can be differentiated. The differential 
activity between successful and unsuccessful encoding is 
termed the subsequent memory effect (SME). The SME 
generally emerges after 400 ms post stimulus [8]. 
In this paper, factors associated with the successful 
encoding (as reflected by the SME) were reviewed. The 
relevance to the MCI population was also discussed. 
2. MATERIALS AND METHODS 
Reports of research published from January 1980 to De- 
cember 2010 which appeared in the databases of CINAHL 
(1982-to date), MEDLINE (1966-to date), AMED (1985- 
to date), Journals@Ovid and the ISI Web of Science 
(1900-to date for both) were collected and reviewed. The 
reference lists of the review articles by Friedman and 
Johnson [9] and Friedman, et al. [10] were also reviewed. 
The main criteria for inclusion were studies which dealt  
with memory encoding and 1) used the ERP technique; 2) 
used the subsequent memory paradigm; and 3) studied 
normal adult and MCI participants. The key terms used 
in searching for articles were “ERP,” “subsequent mem-
ory,” and “encoding” (with related terms also checked). 
Only reports published in English were considered. A 
total of 145 articles were found using these criteria. If the 
title indicated that it was an ERP study, the abstract was 
read to assess whether or not the paper should be in-
cluded. Altogether, 17 studies were given full review, as 
summarized in Table 1. 
2.1. Factors Associated with the SME 
The factors found in these 17 studies to influence the 
emergence of the SME were the nature of the materials 
or stimuli, the modes of encoding and the nature of the 
retrieval task. Overall, SME appeared to emerge more 
consistently when the material being encoded was con- 
sidered relevant by the subject. Semantic processing is 
associated with larger SME amplitude and was often 
associated with better recognition performance. And re- 
trieval performance suggested that the amount of mem- 
ory traces formed at encoding was related to the strength 
of the SME. The following three sections summarize the 
findings for young healthy participants (age 18 - 38). 
2.1.1. Materials 
Twelve of the 17 studies used verbal material (i.e., words) 
as the material for encoding and later retrieval testing. 
This included the use of single words in English [8, 
11-17], in Spanish [18], and in German [19]. Nouns in a 
sentence context [20] and paired words [21] were also 
used. These studies commonly found that the ERPs asso- 
ciated with the SME were widespread across the brain 
[14,16,18-20]. Five studies used nonverbal pictorial ma- 
terials such as pictures of objects [22-24], faces [25], or 
complex pictures of scenery [26], and these also elicited 
SMEs. Interestingly, the studies led by Duarte and Som- 
mer found evidence that the ERPs associated with the 
SME were larger over the right brain hemisphere. This 
difference might be related to cerebral specialization (i.e., 
the use of the left hemisphere for verbal material and the 
right hemisphere for nonverbal material). Further research 
is needed to determine whether or not this lateralization is 
material-dependent, which would have implications for 
the choice of material to present to a person with a brain 
lesion. Van Petten and Senkfor [17] did not find the ef- 
fect when using meaningless visual patterns. This sug- 
gests that for the emergence of the SME, the materials 
used may need to be already in an individual’s knowl- 
edge base for associations to be formed. Future experi- 
ments using, for example, pseudo-words may provide 
clearer evidence about this. Overall, the results from the 
studies reviewed showed that both verbal and nonverbal 
familiar materials were associated with the SME. 
2.1.2. Encoding Modes and Tasks 
Encoding can be intentional or incidental. In the case of 
intentional encoding, participants are told in advance that 
they will be tested later for memory retrieval; on the 
other hand, incidental encoding happens when the par- 
ticipants do not know they will be tested. In both modes, 
participants can be asked to perform a task or tasks while 
they encode the information in the study trials. These 
tasks usually require semantic or perceptual processing 
of materials or stimuli. An example of a semantic task is 
to have the participant determine whether an item re- 
ferred to by a word or picture is living or inanimate [24]. 
A perceptual task would be to ask participants to deter- 
mine whether the first and last letters of a word are in 
alphabetical order [13]. 
Of the 17 studies reviewed, six engaged their partici- 
pants in intentional encoding (with or without a percep- 
tual or semantic task), and each of the six found signify- 
cant SME [8,11,19,20,23,24]. In the 11 studies which 
utilized incidental encoding, the SME was also consis- 
tently found.  
Of the 11 incidental encoding studies, six included 
both semantic and perceptual tasks [12-15,17,21], three 
included only a semantic task [16,18,22], and two included 
only a perceptual task [25,26]. Semantic tasks were con- 
sistently associated with significant SMEs with predomi- 
ately frontocentral distribution [13,17,21,22,24]. This n   
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Table 1. ERP studies and the subsequent memory paradigm. 
Study authors Year published 
Sample size and 
type 
Paradigm  
(encoding, retrieval) Task at encoding Stimuli SME 
Bridger and  
Wilding 2010 
28 (age 19 - 25, mean 
= 21), 3 Male (M) 
Intentional, old/new 
with confidence and 
location judgments 
1 semantic, 1 
perceptual English words 
Semantic—frontal, Perceptual 




17 (mean = 22.5), 6 
M 
Incidental, old/new 
with source judgment 1 semantic Pictures of objects 
Bilateral frontal and right 
central sites 
Cansino et al. 2010 
14 young (age 21 - 
27, mean = 22.9), 6 
M; 14 old (age 71-77, 
mean = 72.4), 6 M 
Intentional but refrain 
from self strategy, 
old/new with source 
judgment 
1 semantic Pictures of objects Main in the frontal and central sites, larger in old in parietal.




2 semantic Pictures of objects Largest in frontal and  prefrontal, right lateralized 
Fernandez et al. 1998 16 (age 21 - 32, mean = 26), 12 M Intentional, free recall n/a German words 
Widespread in frontal, central, 
and parietal lobes 
Friedman and Trott 2000 
16 (age 21 - 28, mean 
= 25); 16 (age 65-81 




n/a English words Widespread 
Friedman et al. 1996 
40 young (mean 
26.4), 7 M; 40 old 
(mean = 69.8) 7 M 
Incidental, stem com-
pletion and cue recall
1 semantic, 1 
perceptual English words 
SME effects reliable for young 
subjects in semantic task, 
centroparietal maximum 
Gutchess et al. 2007 
20 young (age 18 - 
26), 11 M; 20 old 




1 perceptual Pictures of scenes 
Frontocentral SME for both, 
but for older subjects it did not 
differ as a function of  
confidence 
Mangels et al. 2001 
20 (age 22 - 37), 11 
M, 5 people dis-
carded in analysis 
Intentional, old new 
with remember/know 
and free recall 
n/a English words Positive effect in frontal sites, negative effect in posterior sites




1 semantic, 1 per-
ceptual English words 
Semantic—positive effect in 
frontocentral, alphabetic— 
negative effect widespread 
Paller et al. 1987 16 (age 18 - 28  mean = 21), 8 M 
Incidental, old/new 
with recall 
2 semantic and 2 
perceptual English words 
Frontal, central, and posterior 
sites, larger for semantic tasks
Sanquist et al. 1980 9, 3 M Incidental, old/new recognition 
1 semantic, 1 pho-
nemic, and 1 per-
ceptual 
English words Largest centroposterior, only limited electrodes used 




1 semantic English words Widespread, no difference between remember and know
Sommer et al. 1991 10 (age 19 - 30), 7 M Incidental, old/new 1 perceptual Pictures of faces 
Positive effect in frontal, 
negative effect in posterior sites 
(larger over right hemisphere)
Tellez-Alanis  
and Cansino 2004 
12 young  
(mean = 23.7), 6 M; 
12 old (mean = 67), 
5 M 
Incidental and  
intentional, old/new 1 semantic Spanish words 
Widespread, larger in incidental 
in both young and old 
Van Petten and 
Senkfor 1996 
16 (age 21 - 38,  
mean 23.8), no M Incidental, old/new
2 semantic for 
words, 1 perceptual 
for visual patterns
English words and 
meaningless visual 
patterns 
Larger in frontocentral region 
for words, no SME for visual 
patterns. 
Weyerts et al. 1997 18 (21 - 32  mean = 24), 5 M Incidental, old/new
1 semantic and 1 
perceptual German words 
In semantic task, largest at right 
frontal 
 
distribution might indicate frontal lobe involvement and 
that semantic processing involves this region. Excluding 
the one study that used a perceptual task with meaning- 
less stimuli [17], five of the seven other studies that used 
a perceptual task showed SMEs. The ERP distributions 
observed in these studies were more varied, ranging from 
frontocentral, to centroparietal, to widespread. This vari- 
ety makes it difficult to identify regions that might be 
important for perceptual processing. Worthy of note is 
that in one study [13], a negative effect (using a task that 
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asked to determine if the first and last letter of a word is 
in alphabetical order) was identified rather than the posi- 
tive difference usually found. On this basis, Otten and 
Rugg argued that perceptual processing is qualitatively 
different from semantic processing, though this result 
was not consistent with the findings of the other four 
studies that also used a perceptual task. This inconsis- 
tency may indicate that some “perceptual tasks” may 
require semantic or other elaborate processing in addition 
to perceptual processing, which could explain why to- 
pographic shapes are more varied in the studies that in- 
cluded a perceptual task. 
Comparing semantic tasks with perceptual tasks, se- 
mantic tasks generally yielded a larger SME amplitude 
and superior recall [14,21]. This is consistent with the 
proposition that semantic processing leads to a greater 
likelihood that an item will be encoded into long-term 
memory [27]. Such findings also provide evidence that 
the magnitude of the SME may be associated with better 
memory performance [10]. 
Direct comparison between the two different modes of 
encoding was investigated by Tellez-Alanis and Cansino 
[18]. In their study, participants performed a semantic 
task in the incidental and intentional conditions, and the 
results showed that recognition rates were not differed 
between conditions and SME was present and of similar 
magnitude in both conditions (implying a similar amount 
of encoding). Firstly, this may indicate that the benefits 
of semantic information processing outweighed the 
benefits of the intention to remember since incidental 
tasks are associated with poorer recognition than inten- 
tional tasks when semantic processing is not explicitly 
required [28]. Secondly, this is consistent with the find- 
ings that magnitude of SME is associated with memory 
performance. 
Overall, the important message from this section is 
that semantic processing of information is one of the best 
predictors on whether an item will be remembered. 
2.1.3. Retrieval Tasks 
A recognition test is commonly used to test retrieval. 
Participants are asked to make a decision about whether 
or not they have seen an item in the encoding or study 
period. Additional judgments participants might be asked 
to perform at retrieval include deciding whether they 
“remember” the viewing (defined as recalling contextual 
information such as mental images evoked during the 
study trials), whether they “know” they viewed the item 
(i.e., without contextual recall, whether they can identify 
when or where the item was studied), or the degree to 
which they are “confident” that they viewed it (their 
subjective belief in the accuracy of their judgment). Less 
common tasks include free recall (where participants 
recall the items seen without any cuing), stem comple- 
tion (recalling the items seen based on the first few let- 
ters of the items provided as cues), and partially cued 
recall (recalling the items seen with a cue provided). 
Each type of retrieval task makes different demands on 
cognition, with recognition being the easiest, free recall 
being the hardest, and stem completion and cued recall 
being somewhere in between [6]. 
Mangels, et al. [8] categorized encoding-related ERPs 
into free-recalled, remember, and know responses. The 
“free-recalled” ERPs had significantly greater average 
amplitude and greater SME amplitude than the “remem- 
ber” and “know” responses in the frontal regions of young 
and healthy adults. In addition, the “remember” and 
“know” ERPs could be differentiated from each other in 
the late latency window (1500 to 2000 ms). Two other 
studies that used either verbal or pictorial stimuli also 
found reliable differences between the average ERPs of 
“remember” and “know” responses [20,24]. In both of 
these cases, more positive SME amplitude was shown in 
the “remember” compared with the “know” responses of 
young participants. These differences were also exhibited 
when averaging according to “confidence,” with “highly 
confident” judgments having more positive SME ampli- 
tude than “less confident” judgments [26]. However, 
there was one negative report where “remember” and 
“know” ERPs could not be differentiated from each other 
[16]. But because Smith [16] only analyzed his data till 
900 ms post stimulus onset, it might have been possible 
that this differentiation happened later similar to the 
study by Mangels, et al. [8]. 
Regardless of the type of judgment involved, the un- 
derlying thought is that demand on retrieval is higher for 
“remember” or “more confident” judgments than for 
“know” or “less confident” judgments. Since accurate 
retrieval in demanding retrieval conditions depends on 
better encoding during study, it may be reasonable to 
assume that more memory traces (or associations) should 
have been formed at that time. The three studies men- 
tioned above [20,24,26] showed more positivity and lar- 
ger ERP amplitudes for more demanding tasks. In addi- 
tion, one found that “free-recalled” ERPs were more 
positive than in either the “remember” or the “know” 
situation, and the “remember” and “know” ERPs could 
be differentiated from each other in late window [8]. 
Smith [16] found no judgement dependence at all, but 
might be because analyses were not conducted in late 
windows. Overall, evidence from the retrieval task re- 
sults indicate that SME may track the amount of associa- 
tions formed at encoding, with a stronger (larger) SME 
for more associations formed. In addition, it appears that 
encoding with contextual details (indicated by the SME 
for “remember” judgments) is also associated with larger 
SME amplitude and might be differentiable from encod- 
ing without such details (indicated by the SME for “know” 
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judgments). 
In summary, the SME is an index of encoding [29,30]. 
This effect appears to emerge more consistently when 
the encoded materials are relevant to a person; it is also 
larger when information is processed semantically and 
when context-relevant information is added at encoding. 
The topographical patterns indicate that the SME can 
be distributed across the frontal, central, and parietal 
regions, with some evidence of lateralization associated 
with non-verbal or pictorial stimuli [22,25]. Given that 
the SME’s latency and scalp distribution can be similar 
to the well-studied P3 component of ERPs which have 
been related to attention and working memory, the SME 
may, at least in part, reflect similar operations. This is 
more likely to be the case for the central and parietal 
regions [31]. A frontal SME is apparently elicited when 
more strategic encoding operations are required [13,17, 
21,22,24]. Effects in this region may reflect encoding 
processes that allow for elaboration of information in 
working memory or transferring information back to the 
long-term memory [8]. 
2.2. Encoding Differences between Young and 
Old 
Five of the reports evaluated described studies that in- 
cluded both young and old participants [12,18,20,23,26]. 
Types of stimuli and encoding modes were manipulated, 
and this allowed for some examination of differences in 
ability to encode between these two groups of participants. 
Across the five studies, single words, words in a sen- 
tence, and complex pictures of scenery were used as the 
materials for encoding. A 1996 study led by Friedman 
and Gutchess used an incidental paradigm, Friedman and 
Trott [20] and Cansino, et al. [23] used an intentional 
paradigm, and Tellez-Alanis and Cansino [18] directly 
compared the two modes.  
In their 1996 study, Friedman and colleagues found a 
reliable SME in the younger participants with their se- 
mantic task, but not apparent in the older ones. This 
finding would seem to conflict with the later findings of 
the other four studies, which showed that SMEs emerged 
in both younger and older people’s ERP data. Different 
methodologies may explain the discrepancy. In Friedman, 
et al. [12] the words were presented twice at encoding, 
and subsequent ERP analyses were conducted collapsing 
the two stimulus presentations. Thus repetition effects 
—which were evident in their young participants’ data 
but not in that of their older participants’ data—might 
have influenced the results. 
Friedman and Trott [20] used an intentional paradigm 
without an encoding task (but with “remember” and 
“know” judgments in the retrieval test). Their results 
showed that an SME was elicited for in older group when 
ERPs “remember” and “know” judgments were averaged 
separately, but the average strength of the SME did not 
differ between the “remember” and “know” judgments. 
Similar results were found by the Gutchess, et al. [26] 
group where their older group’s SME did not differ as a 
function of their “confidence” in the encoded informa-
tion. These two studies indicated that either older people 
performed similarly in processing on all the information 
or the processing performed on the information resulted 
in the same amount of associations formed. Alternatively, 
Friedman and Trott [20] suggested that older participants 
might have adopted a more liberal mindset when choos-
ing “remember” or “know” responses in the retrieval test.  
When a semantic task was required in an intentional 
design, Cansino, et al. [23] observed significant SMEs 
(similar in overall magnitude) in both groups. However, 
the distribution of SME was different between the two 
groups. While in young participants SME was significant 
in the frontal and central sites, the effect was smaller and 
extended to and was significantly larger in the older 
group in the parietal sites. This shifting of SME distribu-
tion (i.e. towards a more centroparietal distribution, which 
is more common in studies that use a perceptual task) may 
indicate that older participants rely more on perceptual 
processing strategies performed by the posterior neocor- 
tical regions, in addition to operations indicated by fron- 
tal SME; this result was regarded as inefficient encoding 
mechanism in older adults because younger adults relied 
more on the operations indicated by frontal SMEs. Tellez- 
Alanis and Cansino [18] also found that both intentional, 
as well as incidental, encoding with semantic processing 
elicited SMEs of similar magnitude for both groups of 
participants. In addition, there was no indication that 
SME distribution differed between groups. This result 
should not be seem as contradictory to Cansino, et al. [23] 
because Tellez-Alanis and Cansino [18] only analyzed 
data till 850 ms; in Cansino, et al. [23], the distribution 
difference was observed between 800 and 1200 ms. 
It is worth noting that both studies by Friedman and 
Trott [20] and Gutchess, et al. [26] yielded significant 
SMEs in the elderly, and showed a consistent effect of 
prior exposure even though there was no difference be- 
tween the SMEs of “remember” (contextual) and “know” 
judgments, or in judgments with different levels of con- 
fidence. Such findings suggest that older adults process 
all information similarly without much elaboration [32]. 
This leads to an overall decrease in memory strength on 
the to-be-remembered items [6]. Thus, the memory 
strength on each item may be similar or less likely to be 
significantly different, irrespective of whether the item is 
later “remembered” or “known”. Further, and the ERPs 
elicited during encoding cannot differentiate between 
these two outcomes. The notion that older adults process 
information without elaboration receives some support 
from Cansino, et al. [23]. This is because in that study 
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even with the explicit semantic task (which was not re- 
quired in both remember-know studies), older sample 
still relied more heavily on the posterior regions, rather 
than on the frontal regions for strategic operations. As 
has been mentioned, these results from Friedman and 
Trott [20] and Gutchess, et al. [26] could also be ex- 
plained by the possibility that the older adults adopted a 
more liberal criterion when they made judgments in the 
test. This possibility is supported by the selective in- 
crease in the false alarm rate in the elderly found by all 
four of the research groups that found positive SMEs in 
the elderly. Therefore, when averaging ERPs at encoding 
based on these judgments, any differences between them 
would have been obscured and no reliable differences 
found. A liberal mindset could be interpreted as a re- 
trieval-specific deficit. However, it is also plausible that 
older adults might have simply forgotten the stimuli more 
rapidly than the younger participants in these experiments. 
A number of theories have attempted to explain age- 
related changes in memory. These include slower proc- 
essing speed [33], inefficiency in erasing information no 
longer needed in working memory [34], a decrease in 
memory processing which requires conscious control 
[35], and reduced resources for processing such as a de- 
creased attention resources needed for effortful cognitive 
processing [36]. ERP studies may not be particularly 
suited to testing such theories, but they may be able to 
contribute to them. For example, it has been explained 
how evidence from ERP studies using the subsequent 
memory paradigm with older participants showed that 
they may encode without elaboration [9,26,32]. Consid- 
ering the cognitive processes deemed to underlie SMEs 
and changes in SME distribution, less elaborated encod- 
ing in elderly participants could suggest altered working 
memory functions as well as reduced processing re- 
sources. 
2.3. Relevance to Mild Cognitive Impairment 
MCI is defined as a cognitive decline that slightly ex- 
ceeds that expected for a person’s age and education 
level [37]. When the cognitive decline is related to 
memory the person may be considered to have amnesic 
MCI. MCI is considered to be a transitional stage from 
normal decline to dementia [7]. This is an important, 
though relatively young, research area because more than 
half of MCI sufferers progress to dementia within five 
years [37]. 
No studies were found that had investigated the SMEs 
in relation to MCI. Other research that investigated 
MCI’s encoding abilities and MCI’s ERP waveforms 
were found and discussed. 
2.3.1. Encoding Deficits in MCI 
Behavioural studies [38-45] have reported impaired free 
recall, cued recall, and recognition of faces and verbal 
material among people with MCI. These difficulties 
should arise from deficits in encoding and retrieval 
processes, though the encoding processes have been 
suggested to be primarily responsible [46,47]. One aspect 
of their encoding deficits seems to be the failure to util- 
ize semantic knowledge to enhance encoding [44]. In a 
study conducted by Belleville and colleagues [48], the 
recognition performance of normal older adults and that 
of persons with MCI were compared in two conditions. 
In the first condition, no instruction was given as to how 
best to memorize the items during encoding; in the sec- 
ond condition, the participants were oriented to the se- 
mantic properties of the items. Interestingly, both groups 
exhibited similar performance when not given specific 
instructions on how to memorize. However, the per- 
formance of persons with MCI was much worse in the 
orientation condition when compared to the performance 
of the other group, highlighting problems with process- 
ing the semantic properties of the items. Similar to this 
result, but conducted with persons with reversible memory 
disorder (RMD) and MCI, persons with RMD showed 
better performance than persons with MCI when using a 
semantic strategy during encoding [49]. Such findings 
indicate that people with MCI have marked encoding 
deficits. These deficits, however, do not seem to be due 
to a deficient access to the still-preserved semantic sys- 
tem [50] since persons with MCI are still sensitive to the 
semantic content of the materials [7]. Rather, these defi- 
cits may be due to an inability to bind contextual ele- 
ments within an episode, or a lack of efficiency in doing 
so [50]. If this is the case, the episodic memory perfor- 
mance of persons with MCI should also be affected. In- 
deed, behavioural results indicate that people with MCI 
often display episodic memory impairment [45,51,52]. In 
a six-year cohort study, Bennett, et al. [51] reported that 
participants with MCI showed more rapid declines in 
episodic memory than was the case for older controls 
based on several clinical tests. Further evidence comes 
from recent studies that compared structures subserving 
episodic encoding in MCI and healthy controls. These 
studies found structural changes including the hippo- 
campus, which is an important area for binding contex- 
tual elements with an episode [53,54]. These structural 
changes can be assumed to contribute to episodic deficits 
in MCI. 
While, to the best of our knowledge, no ERP studies 
have used a paradigm that examined SMEs, some ERP 
studies have confirmed theories about or provided insight 
into how the brain of MCI sufferers functions. In the 
ERP studies, a prolonged response time correlated with 
P300 latency (a positive wave that peaks at about 300 to 
500ms poststimulus onset and that indexes attention and 
probably memory operations) was found, compared to 
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normal controls [e.g. 55-57]. This suggests further cogni- 
tive slowing in MCI sufferers as compared to individuals 
experiencing normal aging that may primarily originate 
from P300 slowing. In another investigation using a lon- 
gitudinal design, a group Olichney, et al. [58] examined 
MCI with a word repetition protocol looking for ERP 
components that could differentiate those persons more 
likely to progress to dementia. Their participants were 
asked to determine whether a target word would fit into a 
semantic category presented earlier in the trial. The P600 
component (a positive wave at about 600 ms poststimu-
lus onset that indexes the updating of the content in 
working memory and the encoding of episodic informa-
tion into memory for long-term use) and the N400 com-
ponent (a negative wave at about 400 ms poststimulus 
onset that represents loading for semantic processing and 
semantic expectancy) have both been implicated using 
this procedure [14,59,60]. Olichney’s 2008 study subse-
quently showed that abnormalities in the P600 and N400 
waves are associated with an increased risk of MCI con-
verting to dementia. Even though the primary goal of the 
study was to predict who within the MCI group would be 
at risk of conversion, the results also suggested potential 
abnormalities in these components associated with se- 
mantic processing and episodic memory. In another work, 
a group led by Tales, et al. [61] investigated mismatch 
negativity between 140 and 250 ms poststimulus reflect- 
ing pre-attentive processes to detect changes in the visual 
field. They reported that abnormalities during this inter- 
val might signal higher level processing deficits, such as 
in episodic memory, in cases of MCI. Overall, a number 
of ERP components representing pre-attentive processing, 
semantic processing and episodic encoding processes 
might be affected in MCI situations. The ERP findings 
are consistent with the behavioural and structural change 
findings reviewed earlier. 
2.3.2. SMEs and Encoding with MCI 
The results from the SME studies detailed thus far show 
that memory is stronger when more associations have 
been formed at encoding. These studies also indicate that 
semantic processing and context-relevant information may 
be associated with stronger encoding. Although partici- 
pants with MCI (unlike healthy elderly) do not appear to 
benefit fully from semantic cuing [40,44], it is possible 
that a single semantic cue is insufficient to trigger their 
semantic processing of information. With additional and 
extended memory strategy training focusing on an el- 
aborative type of encoding, memory performance might 
be improved for people with MCI. Indeed, a number of 
studies have reported the beneficial effects of cognitive 
training [40,62-64]. In a study conducted by Belleville, et 
al. [65], the participants were taught strategies such as 
interactive imagery, face-name association, verbal or-
ganization, categorization, ordering, and the method of 
loci in an attempt to improve their episodic memory. It 
should be noted that in Belleville et al.’s study, both 
verbal (face-name association, verbal organization, cate- 
gorization, ordering) and nonverbal methods (interactive 
imagery, the method of loci) were employed. These 
strategies assisted in linking the information, which— 
using the terminology in the SME literature—would be 
associated with semantic processing. The results showed 
that older persons with MCI and normal elderly both 
improved in terms of outcome measures, including de- 
layed list recall and face-name association. Importantly, 
the MCI sufferers made improvements on a par with 
those of the normal elderly. These results may be point- 
ing to the potential benefits of associative and extended 
memory strategy training for people with MCI. If so, 
rehabilitation programs for people with MCI should fo- 
cus on improving semantic processing and episodic mem- 
ory through elaborative encoding training. Indeed, this 
proposal has received recent support from the findings of 
a neuroimaging study [66]. In this study, after cognitive 
training MCI sufferers were able to recruit alternative 
areas in addition to areas activated prior to treatment. 
Furthermore, the differences in patterns of activation 
during encoding and retrieval were attenuated between 
the MCI and control groups after the training. This posi- 
tive result indicates that the brain of MCI sufferers re- 
mains sufficiently plastic to allow neural changes with 
proper intervention. 
2.3.3. SME in MCI 
Future ERP research with MCI subjects might profitably 
examine their SMEs in response to different stimuli and 
task conditions. The SME could be used as an index to 
examine if they would respond better to verbal or non- 
verbal stimuli. It could also be used to compare the pat- 
terns of effect between MCI sufferers and the healthy 
elderly under the same task conditions. Semantic tasks 
that investigate semantic processing abilities could be 
investigated first, since the SME patterns are fairly con- 
sistent in the healthy young and older people. Why peo- 
ple with MCI do not benefit as much as the normal eld- 
erly from supportive cues [40] might be a promising 
topic for future research. Earlier ERP indications associ- 
ated with an abnormal SME might also be worthy of 
further research. Finally, experiments might also be set 
up with MCI subjects to explore differences in SME pat- 
terns before and after cognitive training. 
3. CONCLUSIONS 
ERP studies using different types of material, encoding 
modes, and retrieval tasks have offered insights into the 
factors associated with memory encoding. ERP findings 
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indicate that semantic processing of information is asso- 
ciated with a larger SME and better memory perform- 
ance. This may be because semantic processing enriches 
memory traces and thus the chance that the information 
will be remembered. 
The results from older adults suggest that they encode 
with more perceptual emphasis and without elaboration. 
Therefore, their ERPs cannot be differentiated when 
sorted according to judgements assumed to have differ- 
ent memory strength requirement during encoding. The 
results could also indicate a retrieval-specific deficit. 
Looking at the ERP findings from normal younger and 
older adults and the findings from participants with MCI, 
two characteristics differentiate normal aging and MCI: 
more impaired semantic processing and poorer episodic 
memory [7]. However, episodic memory can be improved 
through training in the elaborative encoding of informa- 
tion, which prompts positive neural changes in people 
with MCI [40,66]. 
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